Beta parameter is one of the commonly used measures of the investment risk of individual stock or portfolio. It plays a crucial role in modern portfolio theory particularly in management of financial investment portfolios. In the field of beta parameter, numerous studies have been conducted,especially beta properties stability in the context of the stock market cycle phases, measuring frequency of rate of return, and the length of a sample period. There are much fewer studies concerned beta parameter in the countries of Central and Eastern Europe which have undergone systemic transformation at the end of the previous century. From a scientific point of view, it is interesting to know how the beta parameter behaves in these countries. The main goal of this article is to examine the beta parameter stability over bull and bear market conditions on the Warsaw Stock Exchange. The paper presents an analysis of beta stability for 134 stocks of the largest companies listed at the WSE during years 2005-2013. To verify statistically the hypothesis of beta parameter stability, we used monthly returns in the Sharpe's single-index model. In the first part of the article, we present a brief review of the literature and methodology of the study, while in the second part, the obtained results and conclusions are shown.
introduction
Beta parameter in the contemporary analysis of the portfolio is used intensively in a variety of theoretical considerations and empirical studies of the portfolio management of financial investments (strategies to invest in stocks, risk management), valuation of assets, and estimating the cost of capital. This parameter, introduced by Sharpe (1963) is a slope coefficient of the linear regression model conditioning the return of shares from the stock index rate of return, which represents market portfolio. It informs about the degree of sensitivity of the rate of return of the tested shares in relation to 1% change in the rate of return of the market portfolio, and is commonly used to measure the systematic risk of shares.
Particularly intensive research referring to beta parameter was carried out in highly developed economies, mainly in the United States where some features of beta parameter were tested, for example, its stability, mainly in the context of the exchange cycle phases (bull and bear market), and the prognostic strength. One of the first and more advanced works in this field was the publication of Blume (1971) . His research indicated that the results obtained on the basis of historical data for individual stocks and smaller portfolios only in a small extent increase the forecasting accuracy. The accuracy was increasing significantly only with large portfolios. A similar conclusion was reached by Levy (1974) . He examined beta parameter depending on the cycle phases of the stock exchange, dividing it into the upward and downward market, which resulted in a more accurate prediction of the systematic risk of the investment in shares. In turn, Fabozzi and Francis (1977) , on the basis of their research, affirmed that there is no need to estimate separately beta parameters for upward and downward market. As estimated, beta parameters of the company shares are constant for both distinguished phases of the cycle of the stock exchange. The results of the analyzes of Kim and Zumwalt (1979) denied these conclusions. They found that beta parameters estimated separately for upward and downward market have greater prognostic strength.
The results of other authors in this field either confirmed the conclusion drawn from Levy's research or contradicted it. It is difficult to mention here the works of all the authors, but as an example the following works can be indicated: Eubank and Zumwalt (1979) ; Chen (1982) ; Alexander and Benson (1982) ; Fisher and Kamin (1985) ; Brennan and Copeland (1988) ; Lin and Chen (1990) ; Clarkson and Thompson (1990) ; Sercu et al. (2008); Berger (2013) . In these works, beta parameter was also under consideration in the context of issues such as: length of the estimation sample, portfolio size, company size, liquidity of trading shares of the company on the stock exchange, frequency of measurement of the rate of return, etc.
In addition to the research in the field of the stability of the beta parameter conducted on highly developed markets, there are also plenty of works published just after 2000, containing studies for developing economies, or those after the transition of the system. A relatively large number of such studies refers to the Indian economy. For example, Bhaduri and Durai (2006) found, on the basis of the monthly returns of 78 shares listed on the stock exchange in Mumbai from the period of [1999] [2000] [2001] [2002] [2003] [2004] , that the division of market to upward and downward does not affect the stability of the estimated beta parameters. In turn, Ray (2010) stated that the results of his research were inconclusive in most cases, however, for 9 out of 30 examined shares, the results clearly indicated the need to distinguish the phases of the stock exchange cycle with beta parameter estimation. Further studies of the Indian market concerning the stability of beta parameter during the periods of growth and decline in the stock market include the works of Singh (2008) and Deb Misra (2011) .
The studies of beta parameter, including its stability, are also carried out in the economies after the transition of the political system. Worth mentioning here are the works of Polish researchers. The most extensive study was conducted by Feder-Sempach (2011) , who carried out a broad analysis of investment risk on the Polish stock market, and estimated beta parameters for 20 largest companies for various intervals to assess the rate of return in the years of [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] . Another important research was performed by Brzeszczynski et al. (2011) .
An empirical analysis of the intervaling effect of Polish shares was carried out on the beta parameter depending on the main market trend (Debski, Feder-Sempach, 2012) . Additionally, the stability of the beta parameter was tested in the periods of downward and upward market on the Warsaw Stock Exchange (Debski et al., 2013) . Considerations relating to beta parameter can also be found in the following works: Cwynar (2008); Witkowska (2008); Tarczyński (2009); and Kurach (2013) .
Conducting studies on the beta parameter or, more broadly, the investment risk in developing economies, whose markets are generally called emerging markets, is scientifically justified, for instance, due to the comparison of the results of the studies conducted in developed economies with the results of research conducted in different emerging markets, which from the beginning of the twenty-first century have been published a lot. Poland belongs to the developing economies and, in the middle of the second decade of this century, its financial market is considered to be reasonably well-developed, and allows collecting a sufficiently long estimation sample. In addition, the prolonged financial crisis and, therefore, unstable financial market makes the study of certain features of beta parameter, such as its stability, more interesting from the scientific point of view.
The primary goal of this article is to investigate the stability of beta parameter for the largest companies listed on the Warsaw Stock Exchange. There were over 850 companies with the total capitalization of over USD 300 billion, listed there at the beginning of 2014. It must also be highlighted that the Polish financial market has been built from the scratch since the outset of transformation of the political and government system (in 1989). Thus any serious empirical research on the Polish capital market is of significance mainly from the cognitive and practical perspective. From the scientific point of view, it is interesting to examine whether the beta parameter for the studied companies remains stable, especially if the market is divided into the bull and the bear market. Whereas from the empirical point of view, such research supplies investors (both institutional and individual) with information about the degree of systematic risk and maintaining its stability, which is important at making investment decisions. It is also worth studying the beta parameter for Polish companies, so that it becomes possible to compare the results with the outcome of the research performed on the developed or other developing markets. In this context, the results of our research can be useful on the international markets, due to the fact that the Polish capital market is becoming more and more significant in the world, as demonstrated by almost 50% of shares of foreign institutional investors in the turnover volume on the Warsaw Stock Exchange.
The study was conducted for monthly rates of return from the period 2005-2013, divided into periods of growth (bull market) and decline (bear market), whereby the classification was based on two definitions of these markets. This sample including both periods of boom and slump in the stock market is very well suited for the study of stability of beta parameter.
The hypothesis, that the parameters of beta shares for 134 largest companies listed on the Warsaw Stock Exchange during the period considered are stable, will be verified. Beta parameters are estimated using the ordinary least squares method with the use of the single-index model of Sharpe's.Thiswas the first test of beta parameter stability made for such a large number of companies (134) in Poland, the length of the sample (108 monthly returns), and made for the bull and bear markets which practically enabled the crisis on the financial market of 2007-2009. These are the only studies made on such a large scale. For them, monthly rates of return (108 observations for each company) were adopted, calculated on the basis of closing prices on the last trading day of the month (excluding dividend income) defined by the following formula:
Methodology of the conducted study
( 1) where:
R it -rate of return of the i-th share in the month t, P it -price of the i-th share in the month t.
Then, the tested period was divided, what is the most important problem in the current study, into sub-periods -the bull market and bear market. The division was made according to the following two definitions (DEF1 and DEF2) encountered in the literature of the subject:
1. DEF1 -the basic period of the Warsaw Stock Exchange Index (WIG) from the bottom (the lowest value of the index) to the peak (the highest value of the index) is a bull market, and the period from the peak to the bottom is a bear market. The chart of the WIG index is shown in Figure 1 . 1 2. DEF2 -the period in which the rate of return of the WIG index is greater in the month t than the rate of return in the month t -1, is a period of bull market, and the period in which the rate of return of the WIG index in the month t is less than the rate of return in the month t -1, is the period of the bear market. To estimate beta parameters of the surveyed companies on the bull and bear market, Beta
Dual Market Model -DBMM (Bhaduri, Durai, 2006) was used in the form of:
where: This model is derived from the single-index Sharpe's model, which has the form:
where β i is the beta parameter measuring the impact of the rate of return of the stock exchange index on the rate of return of the i-th share, also interpreted as the ratio of the sensitivity of the rate of return of shares on the changes of the rate of return of the stock exchange index.
discussion of the obtained results

Study of the stochastic structure
Before the actual start of the research, i.e. the research of the stability of beta parameters during the period of the bull market and bear market for the largest Polish listed companies, the study of stochastic structure had been conducted including primarily a test whether the adopted for calculations logarithmic rates of return of shares of the companies surveyed throughout the sample period follow a normal distribution. It is a key assumption used in many analyzes of the capital market, allowing to conclude further about the statistical accuracy of the obtained results of the estimated models. To verify the hypothesis about the normality of distribution of the rate of return, the statistics of the test of Jarque-Bera was used. Table 1 shows the results of this verification. It implies that at the level of significance of 0.05, the rejection of the hypothesis of normality of the logarithmic rate of return occurs for about 80% of the surveyed companies, which means 107 companies of the surveyed population. Generally, relatively high fractions of rejections of the hypothesis are visible, which suggests a lack of normality of distribution of monthly logarithmic returns of the companies investigated.
Subject to further research was the beta parameter divided into periods of the bull market and bear market, highlighted according to the assumed definitions DEF1 and DEF2. These parameters for all 134 companies were estimated with the ordinary least squares method (OLS) based on model (2). First of all, the stability of beta parameters was examined in the two periods (in accordance with the main objective of the article), as well as the characteristics of the stochastic structure of the estimated model. Since presentation of the results relating to these two issues for all the companies would take a lot of space in the article, therefore, it was decided to aggregate the presentation of the obtained results. Thus Table 2 , presents the summarized fractions (frequencies) of rejections of the examined hypotheses regarding the stability of beta parameters during the periods of bull and bear markets, according to the assumed definitions DEF1 and DEF2, and the stochastic structure of the tested model for three levels of significance. and DEF1 for 92.5% of companies, the assessment of beta parameter in the period of the bull market is significant, and at a significance level of 0.1, the number of companies for which the assessment is significant rises to almost 95%. This relatively high level of significance ratings beta parameter estimated in division for bull and bear market reflects well on the model adopted for the estimation. In addition, for model (2), coefficients of determination (R 2 ) were calculated, the results of which are included in Table 3 and described in the following histogram. Within the research of hypotheses referring to the stochastic structure of the estimated model, in the first instance the hypothesis H 0 was verified, stating that the distribution of rests of the estimated model (2) has a normal distribution with parameters 0 and 1, which is N(0, 1). This hypothesis was verified by the test of Kolmogorov-Smirnov. In Table 2 , the rate of rejection for such a hypothesis, based on the test by Kolmogorov-Smirnov for three significance levels and both definitions of the period of the bull and bear market, contains the row marked by pks.
It shows that for all the analyzed companies, the distribution of rests of the estimated model does not belong to the distribution N(0, 1). The study of normality of rests of the model was also carried out with the test of Jarque-Bera. Stored in a row JB of Table 2 , the frequency results for this test indicate that for the vast majority of the companies, the distribution of rests of the model does not belong to a normal distribution. For example, on the significance level of 0.05 in 76.1% of the analyzed companies (using DEF1), the rests of the estimated model do not have a normal distribution.
In the study of assumptions relating to the stochastic structure of the estimated model, the hypothesis of the existence of autocorrelation of the first order of random component and its homoscedasticity (equality of variance) was verified. In the first case, using the test of DurbinWatson H 0 , the lack of such autocorrelation was verified. As the results included in Table 2 Table 2 . They show that, for example, at a significance level of 0.05 for 57.5% of the companies using DEF1, and for 59.7% of the companies using DEF2, the hypothesis about the lack of homoscedasticity should be rejected.
In conclusion, the results relating to the test of the stochastic structure of the estimated model are as follows: for the majority of the investigated companies the basic assumptions underlying the use of the ordinary least squares method are not met, the received estimates of the parameters α i , β iH , and β iB are not the Best Linear Unbiased Estimators (BLUE). This could give rise to certain problems, for example, in the case of using the estimated parameters to predict the rates of return on the shares of the analyzed or systematic risk assessment relating to the shares. This, however, is not the main purpose of the article.
examination of the stability of beta parameters
The primary purpose of the article, as we pointed out, is to examine the stability of beta parameters in the period of the bull and bear market for the largest companies in the Warsaw Stock Exchange. The results of this study in the form of the rate of rejection of applied tests are summarized in Table 4 . distributions of the rests in model (3) 1. In the first method, the stability of beta parameters was checked with the test of Chow.
The null hypothesis (H 0 ) was verified, stating that beta parameters in the two distinguished periods are equal. The results in the form of a frequency of estimated values of the Chow test for three levels of significance are included in the line pChow in Table 4 . They indicate (the lower value of the test, the easier it is to reject H 0 ) that for the vast majority of the analyzed companies there is no reason to reject the hypothesis of equality of beta parameter in the period of the bull market and bear market. For example, for the level of significance of 0.05, only 13.4% of the companies according to DEF1, and 10.4% of the companies according to DEF2, H 0 should be rejected, and, respectively, in 86.6% and 89.6% there are no grounds for its rejection. This means that according to the Chow test, for the vast majority of the companies in the Warsaw Stock Exchange, beta parameters in the period of the bull and bear market, from a statistical point of view do not differ significantly from each other, which means that they are stable.
2. In the second method, the stability of beta parameters were examined with the test of Kolmogorov-Smirnov. The hypothesis H 0 was introduced in such a way that it stated that the used for estimation parameters of the estimated model in the period of the bull and bear market, populations of rests (rates of return from the assumption differ in periods of the bull market (are positive) and bear market (are negative) for most observations) of the estimated rates of return have the same distribution. The results in Table 4 , row p0, represent frequencies of the estimated values of the test by Kolmogorov-Smirnov relating to the verification of this hypothesis (the lower the value of the test the easier it is to reject H 0 ). In our study, only for a small number of the analyzed companies, values of the p-value for this test are low. For the level of significance of 0.1 and both definitions of the period of bull market and bear market, values of rejection fraction for this test are not higher than 6.7% of the companies, which means that for such number of companies H 0 should be rejected (for the level of significance of 0.05, it is 3% and 3.7% respectively). This, therefore, supports the hypothesis of the lack of differences in the distributions of rests of equation (3) 3. In another method of stability studies of beta parameters in the period of bull market and bear market, H 0 was verified on equality of beta parameters in these periods, i.e. in the first case H 0 was verified: β iH = β iB (β iB constants), and in the second case H 0 : β iB = β iH (β iH constants), wherein parameters were estimated on the basis of the model (3) respectively for a period of bull market and bear market. This means that these models were estimated for each company on a set of observations consisting of the distinguished periods of bull market and bear market according to the accepted definitions (DEF1 and DEF2). Verification of such a hypothesis takes place on the basis of t-student statistics Maddala (2008, p. 116) . The frequencies of estimates of this statistic for three levels of significance are presented in rows pval_β iH and pval_β iB of Table 4 . They show that, according to adopted in DEF1 period of bull market and bear market, in more than half (exactly 69.4% in the first case, and 67.9% in the second case, for the level of significance of 0.05) of the companies, there are no grounds to reject H 0 , which suggests the thesis that in most cases there are no grounds to reject the hypothesis of equality of these parameters (in the above sense). For the remaining number of companies, that is 30.6% and 32.1% respectively, at a significance level of 0.05, these parameters are not stable. According to the second definition (DEF2) of periods of bull market and bear market, for a smaller number of the companies the beta parameters are stable (more precisely speaking, there is no reason to reject the hypothesis of their stability), respectively for 38.8% and 44.8%. It also means that, according to this test and the definition of bull market and bear market period, for about 60% of the companies, beta parameters in these periods are not stable.
4. In the fourth method, the examination of stability of beta parameters in periods of bull market and bear market was based on a bootstrap procedure. Through 10,000 simulations, it was checked whether these parameters in the period of bull market and bear market have the same distributions. Two Bootstrap tests were used. Both are based on the equation (3) for a period of bull market and bear market. In the first approach (results in row b1 pval), separately for each time period, i.e. for bull market and bear market, observations are drawn in a bootstrap way, after which there is the beta parameter estimated in equation (3). After 10,000 simulations, we obtain a betas population for a period of bull market and bear market respectively, which we will callbetas_hossa and betas_bessa, as sets of 10,000 elements. We estimate also (without the bootstrap draws) the original parameters of equation (3) Calculating further pval1 = min (q_bessa, 1-q_bessa, q_hossa, 1-q_hossa), we obtain the probability of entry in the critical region for a one-sided test (in fact, we examine here the rejection of one of the two tests, in which we obtained bear market fall in the extreme quantile for the bull market, and vice versa). Moving to the two-sided area pval2 = 2pval1, we obtain the probability of rejection of one of the tests. Since the aim is to determine the probability of rejection at least one of the tests, if we assume independence of the rejections of tests, we adjust the level of significance of cumulative probability of rejection of tests pval b1 = 2pval2 - (pval2) 2 , yielding the estimation of the level of significance.
The second approach (results in row pval b2) is analogous, with one difference consisting of matching bootstrap observations. These observations are generated through the bootstrap addition of randomly selected rests (Bradley and Tibshirani, 1993) of equation (3) into a vector α + β R WIG , where α, β are estimates of regression coefficients (for the period of bull market and bear market respectively).
The frequencies for both tests contain rows pval b1 and pval b2 in Table 4 . These indicate that at the level of significance of 0.05, according to DEF1, for about 30% of the companies the hypothesis of stability of the beta parameters in the period of bull market and bear market should be rejected, and according to DEF2 -for 23.1% of the companies. Adoption of the alternative hypothesis corresponds with the statement that for 70% or more of the analyzed companies, these parameters are stable.
In conclusion, the conducted four methods of stability studies gave basis to reach similar conclusions. First of all, they did not allow for an unambiguous statement that beta parameters in the period of bull market and bear market for 134 surveyed companies of the Warsaw Stock
Exchange are stable or unstable. In general, it has been confirmed that for more than a half of the companies (with some of the tests, it is even more than 70% of the companies) these parameters are stable.
the study of stochastic structure in the period of bull market and bear market
In addition, it was decided to check the structure of the stochastic model for beta parameters in the period of bull market and bear market. This was done in such a way that single index model of Sharpe (3) was estimated separately for the period of bull market and bear market, i.e.
the following models were estimated: a) for the period of bull market:
b) for the period of bear market:
(marking the same as in model (2), the symbols H and B are the period of bull market and bear market respectively).
Models (4) and (5) were estimated with the ordinary least squares respectively for each company, for such number of observations that resulted from the number of observations associated with the distinguished periods of bull market and bear market in accordance with the definitions DEF1 and DEF2 of these periods. The results of studying the structure of stochastic models (4) and (5) are listed in Table 5 .
The results presented in Table 5 Table 2 ). Table 5 shows that the rests of both models for all the analyzed companies (based on the statistics of the test by Kolmogorov-Smirnov) do not belong to the distribution of N(0, 1). This is confirmed by the results of the test of Jarque-Bera (JB rows). The resulting statistics indicate that on the basis of the estimated model for the period of the bull market and the level of significance of 0.05, for slightly more than 64% of the companies the rests of model do not belong to a normal distribution. The estimated model for the bear market period indicates that for 27.6% (according to DEF1) and 55.2% (according to DEF2) of the companies, the rests do not have a normal distribution. The results of the research of the assumption on autocorrelation of the random component are included in the rows marked with pval (DW). They are also similar to those obtained for model (2) (see Table 2 ). They indicate that during the bull market at the significance level of 0.05, for 10.4% (according to DEF1) or 14.9% (according to DEF2) of the companies, the hypothesis of absence of autocorrelation of the random component should be rejected. For the model of the bear market, it is respectively 7.5% and 9.0% of companies. This means that for the vast majority of the companies, there is autocorrelation of the random component of the first order. Source: own calculations (marking the same as in Table 2 ).
conclusions
The study of stability of beta parameters in the period of the bull market and the bear market on the basis of monthly rates of return for 134 biggest companies of the Warsaw Stock Exchange, has brought interesting, from the scientific point of view, results. The four used methods of the research of the stability did not give a clear answer to the question whether these parameters are stable or not. In general, for more than a half of the investigated companies (i.e. for 60-70 percent, depending on the method used), beta parameters proved to be stable.
This means that for 30-40 percent of the analyzed companies these parameters in the period of bull and bear market differ from the statistical point of view. It also means that there is a need for further research in this field, for example, carrying them out on a longer sample or divided into large, medium, and small companies. It was also noted that the degree of this stability depends on the definition of distinctions of the periods of bull market and bear market. It is also worth mentioning the relatively high statistical significance of the estimated beta parameters in the adopted models, but their drawback is the lack of fulfillment for most of the analyzed companies the assumption of normality of distribution of the logarithmic rate of return.
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